, Hiroshi Nagamochi [4] . Recently, Jain [5] shows that there is an edge $e$ with $x_{e}^{*} \geq\frac{1}{2}$ in any basic solution $x^{*}$ to the LP relaxation of SNDP (where the constraint $x_{e}\in\{0, 1\}$ is relaxed to $0\leq x_{e}\leq 1$ for all edge $e$ ). Then it is shown that an iterative rounding process yields a2-approximation algorithm.
basic mechanism for using the primal-dual method. It picks edge sets in $r_{\max}= \max\{r_{st}\}$ phases, and each phase tries to augment the size of cuts with deficiency by using an integer program, which is solved within factor 2by aprimal-dual approach. Their algorithm has aperformance guarantee of $2r_{\max}$ . In [2] Goemans et al. show that by augmenting the size of only those cuts with maximum de ficiency, a $2\mathcal{H}(r_{\max})$ -approximation algorithm can be obtained, where $H(i)= \sum_{j=1}^{i}.\frac{1}{j}$ is the harmonic function. For adetailed overview of these primaldual algorithms, we refer the readers to the wellwritten surveys [4] . Recently, Jain [5] shows that there is an edge $e$ with $x_{e}^{*} \geq\frac{1}{2}$ in any basic solution $x^{*}$ to the LP relaxation of SNDP (where the constraint $x_{e}\in\{0, 1\}$ is relaxed to $0\leq x_{e}\leq 1$ for all edge $e$ ). Then it is shown that an iterative rounding process yields a2-approximation algorithm.
In arecent paper [6] [2, 6, 9] (with $d_{\max}=2$) and [8] (with $r_{\max}=1$ ). (We note that the guarantee cannot be derived in astraightforward manner by simply combining the results of $[2, 9]$ and [8] .) Like the previous algorithms in [2, 8, 9] , our algorithm is also applicable to more general problems, pro vided that they satisfy certain conditions which are described in the next two sections. This paper is organized as follows. Section 2 contains some definitions and the formulation of the problem. Section 3presents an algorithm for problems formulated in Sect. 2that satisfy Conditions 1 and 2. Section 4gives aproof of the performance guarantee. Section 5shows that the SNDPHG satisfies the two conditions. Some prooffi are omitted due to the page limit. In what follows, we will consider problem $\mathcal{P}$ instead of the original form defined on hypergraph $H$ . It can be written as the next integer program.
where we use the notation $x(A)= \Delta\sum_{w\in A}x_{w}$ . W.l.o.g we assume that $r(\emptyset)=r(T)=0$ and $r_{\max}= \max\{r(S)|S\subseteq T\}\leq|W|$ . We assume that r satisfies two conditions. The first condition is as follows while the second will be stated in Sect. 3.
Condition 1 $r$ is weakly supermodular. That is, $r(T)=0$ and for any $X$ , $\mathrm{Y}\subseteq T$ $r(X)+r( \mathrm{Y})\leq\max\{r(X\cap \mathrm{Y})+r(X\cup \mathrm{Y})$ , $r(X-\mathrm{Y})+r(\mathrm{Y}-X)\}$ . (1) 3APrimal-Dual Approximation Algorithm for (IP) In this section we describe our algorithm for (IP) according to the primal-dual schema established in program to find such $A_{i}$ with the minimum cost.
where $h_{i}(\cdot)$ is defined as
In the following, we solve $(\mathrm{I}\mathrm{P})_{i}$ approximately by aprimal-dual approach based on that of [9] . We need anotation of violated sets. Proof. Analogously with [9] . Notice that $|\Delta_{A}|$ is a symmetric and submodular function. . (7) Let $X=\{uc\in Q|nc\geq d_{\max}-1\}$ , $\mathrm{Y}=\{uc\in$ $Q|n_{C}=1\}-X$ and $Z=Q-X$ -Y. It is easy to see (7) by comparing the two sides.
Finally we show that for each $uc\in Q$ ,
Notice that (5), (7) and (8) Hence (8) We next show that Condition 1and 2are satisfied. It is easy to verify that this $r$ satisfying Condition 1. We show that in phase $i$ of the algorithm in Table 1 We remark that the performance guarantee $d_{\max}$ in Lemma 2of the primal-dual algorithm for (IP) is tight. Atight example will be given in the full paper. Notice that in [2] Goemans et al. have shown that for the SNDP in graphs the performance guarantee $2\mathcal{H}(r_{\max})$ is tight up to factor 2. It is thus interesting to know whether an algorithm with improved performance guarantee can be developed, e.g., via an iterative rounding process for the SNDP in graphs as used by Jain in [5] .
